| INTRODUCTION
Atrial fibrillation (AF) is the most common sustained arrhythmia, and it is associated with higher mortality and morbidity, 1 with similar outcomes amongst current treatment strategies. Currently, catheter ablation has become one of the preferred methods for AF treatment 2, 3 ; however, manual AF ablation has some disadvantages that include a complex procedure, long procedural times, long learning curve, risk of serious complications, and high recurrence rate. Consequently, finding new techniques for AF ablation that provide clinical benefit for the treatment of AF patients is important.
In the recent decade, ablation using the Niobe II robotic magnetic navigation system (MNS) (Stereotaxis, Inc. St. Louis, Missouri) has been one of the novel techniques used to address the challenges of AF ablation procedures. [4] [5] [6] MNS procedures have fewer complications and reduced fluoroscopy exposure time to patients, physicians
and Ep lab staff. Many studies have demonstrated that ablation using MNS is noninferior to manual ablation in efficacy and safety. 7, 8 On the other hand, as we expected based on numerous prior studies, the efficacy of manual ablation was lower for persistent than for
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paroxysmal AF. However, there are still no data on comparisons of efficacy and safety of paroxysmal and persistent AF ablation using MNS respectively. Therefore, the aim of this study was to investigate the efficacy, safety, and recurrence risk factors of catheter ablation using MNS for paroxysmal and persistent AF, respectively.
| METHODS

| Study population
In this prospective study, a total of 151 consecutive AF patients, including 102 paroxysmal and 49 persistent AF patients, with mean age of 63.9 ± 7.8 (18-77) years, were enrolled for AF ablation using MNS from October 2012 to February 2017. These patients were all first time ablation procedures, and no redo patients were included.
| Criteria of inclusion and exclusion
Inclusion criteria were patients with drug-refractory symptomatic AF, more than one risk factor of thrombosis, and no thrombus found by transoesophageal echocardiography examination in left atrium prior to ablation. Exclusion criteria were patients with ages >80 or < 18 years, severely decompensated heart failure (ejection fraction (EF) ≤40%), left atrium diameter ≥ 55 mm, contraindications to anticoagulation, severe hepatic, renal or lung dysfunction, hyperthyroidism, and thrombus in the left atrium illustrated on either echocardiography or computed tomography (CT) scan. The potential risks of the procedure were explained, and written informed consent was obtained from all patients. Owing to good efficacy and better safety, AF ablation was performed in all cases using MNS in our center. This study was reviewed and approved by the Institutional Review Board of Wuxi People's Hospital affiliated to Nanjing Medical University, China.
| Definitions of paroxysmal AF and persistent AF
In this study, AF was categorized as paroxysmal and persistent. Paroxysmal AF was defined as self-terminating within 7 days or terminated with pharmacological or electrical cardioversion; persistent AF was defined as lasting >7 days, requiring cardioversion or other intervention or failed cardioversion, or cardioversion was no longer attempted.
| Electrophysiological study and catheter ablation
The MNS Niobe II system (Stereotaxis Inc.) is composed of two focused-field permanent magnets, irrigated magnetic catheter and Cardiodrive catheter advancing system (QuikCAS; Stereotaxis, Inc.).
The two large magnets with 0.08 to 0. 
| Follow-ups
Follow-ups were performed for all patients in outpatient clinic or by telephone interviews at 1, 3, 6, 9, and 12 months post procedure. Oral anti-coagulation therapy with a target international normalized ratio between 1.8 and 2.5 and anti-arrhythmic drugs were administered for 2 to 3 months after the procedure. In addition to the clinic follow-up and telephone interview, 24-hour Holter monitoring was routinely performed every 2 months post-ablation in order to obtain the patient clinical manifestations and the occurrence of arrhythmias. The efficacy endpoints of AF ablation using MNS evaluated in this study were acute success rate of CPVI for the paroxysmal group, and CPVI plus lines for the persistent group, and the AF recurrence at 1, 3, 6, 9, and 12 months postoperatively. AF recurrence was defined as a documented episode of AF or atrial tachycardias lasting more than 30 seconds within 1 year from ablation date. The safety of AF ablation using MNS was evaluated by assessing the rate of procedure-related complications perioperatively and the time of X-ray exposure.
| Statistical analysis
Continuous variables were expressed as mean values ± SD ( Univariate analysis and multivariate analysis were performed using Cox-regression test to identify the risk factors of AF recurrence after ablation. A P value <0.05 was considered statistically significant.
3 | RESULTS
| Patient characteristics
The clinical baseline characteristics of patients in the two groups were nearly identical. There were no statistically significant differences between groups in terms of sex, age, weight, AF duration, heart function class, left ventricular ejection fraction, number of anti-arrhythmic drugs, underlying diseases and lab results, but significant differences in diameters and volumes of left atrium were noted. (Table 1 ).
| Procedural parameters and acute success rates of CPVI
There were no remarkable differences of procedure duration, time from left atrium electroanatomic mapping to pulmonary vein isolation, time of radiofrequency catheter ablation, fluoroscopy exposure time, and the incidence of complications during the procedures between the two groups. The acute success rates of CPVI in the paroxysmal and persistent groups were 98.04% and 97.96% (P = 0.974), respectively ( Table 2 ).
| Recurrence rates of AF
The recurrence rates of paroxysmal AF were 11.8%, 16.7%, 19.6%, 27.5%, and 29.4% and those of persistent AF were 18.4%, 20.5%, 32.7%, 38.8%, and 42.9% during the follow-ups of 1, 3, 6, 9, and 12 months after ablation. There were no statistical differences in AF recurrence rates between the two groups though AF recurrence rates in patients with persistent AF tended to be higher than those in patients with paroxysmal AF during each follow up time period (Table 2 ). The
Kaplan-Meier analysis showed that the incidences of freedom from AF were 70.6% and 57.1% in patients with paroxysmal AF and persistent AF respectively at 12-month follow-up, and there were no statistical significance (Log rank X 2 = 1.23, P = 0.267) (Figure 2 ). 
| Predictors of AF recurrence
Cox regression of univariate analysis demonstrated that the recurrence of paroxysmal AF was not associated with sex, age, weight, duration of AF, diameter of left atrium, heart function class, left ventricular ejection fraction, and some common underlying diseases (r < 0.3, P > 0.05). However, Cox regression of univariate and multivariate analysis showed that the duration of AF and coronary heart disease prior to ablation were two independent risk factors of predicting the recurrence of persistent AF postoperatively (Table 3) .
| Procedural complications
No serious complications such as sudden death, cardiac perforation, 
| Development of AF ablation guided by MNS
It has been proven that catheter ablation is one of the effective treatments for AF patients. However, the conventional manual ablation technique for AF ablation has potential disadvantages of complex procedures, prolonged radiation exposure to patients and operators, increased risk of complications, and lengthened learning curve and so on. Therefore, advancements to remedy these issues will have great clinical implications especially those that simplify the ablation procedure, minimize the risk of complications, reduce the fluoroscopic exposure time, and decrease the learning curve.
In the last decade, it has demonstrated that AF ablation using 12 conducted a further study on feasibility and effectiveness of AF ablation using MNS and this study found that it was difficult to achieve CPVI in most of cases with nonirrigated catheter ablation due to the formation of the char in heart.
However, with the application of saline-irrigated magnetic catheters in 2008, AF ablation using MNS came into clinical practice again. 13, 14 In the last decade, many clinical trials have confirmed that there are the same acute and long-term success rates of AF ablation, less procedural complications, and better safety in MNS-guided AF ablation compared with the conventional manual ablation. [13] [14] [15] Currently, MNS-guided AF ablation is widely used in many developed countries. 16 However, there is still no comparative study on paroxysmal and persistent AF ablation using MNS. Therefore, this study is mainly focused on efficacy, safety, and risk factors of AF recurrence for paroxysmal and persistent AF after ablation guided by MNS.
| Efficacy of AF ablation guided by MNS
Despite different ablation protocols for patients with paroxysmal and persistent AF, there were no significant statistical differences in acute success rates of CPVI, mapping time, ablation duration, total procedure time, X-ray exposure, and incidence of procedure-related complications or recurrence rates in follow-up. In our study, the recurrence rates were statistically the same between the two groups, however, trended higher in the persistent AF cohort. These results suggested that efficacy and safety were the same for paroxysmal and persistent AF ablation using MNS. The reason may be related to the following factors: (a) The MNS ablation catheter has better stability and remains in constant contact with heart tissue regardless of heart rhythm / rate and respiration, which makes a higher efficacy of ablation lesions. 17 (b) Irrigated magnetic catheters can reach the most difficult anatomic regions of left atrium due to its tip flexibility, which improves the success rate of CPVI. In addition, computer controlled catheter advancement system allows the operators to control the catheters even with 1 mm forward or backward step, and at 1 angle to leftward or rightward, which increases the precision when ablation in the target sites. (c) These advantages may be more prominent during persistent AF ablation using MNS. In general, the sizes of left atrium in persistent AF are usually larger than those in paroxysmal AF, and it is difficult for maneuver manual catheters during the ablation procedure. However, in contrast to manual control ablation, magnetic ablation catheters in large left atrium target areas are easy to reach allowing full contact with the left or right pulmonary vein antrum, which improves the efficacy of persistent AF ablation. 18 Owing to better stability and maneuverability of magnetic ablation catheters, many single-center studies and meta analyses have illustrated that the acute success rates of CPVI in MNS-guided catheter ablation is as good as manual navigation ablation, 14, 16, 19, 20 and the long-term success rate may be better during the follow-up. 21 Weiss JP et al 22 FIGURE 2 Kaplan-Meier curve of atrial fibrillation recurrence after ablation using magnetic navigation system. A Kaplan-Meier analysis was used to compare the probability of atrial fibrillation recurrence between the two groups. The Kaplan-Meier analysis showed that the incidences of freedom from atrial fibrillation were 70.6% and 57.1% in patients with paroxysmal atrial fibrillation and paroxysmal atrial fibrillation respectively after 12-month follow-up
| Safety of AF ablation using MNS
Studies have demonstrated that the serious complications such as cardiac perforation, pulmonary vein stenosis, and left atrial esophageal fistula can be significantly decreased when AF ablation is performed using MNS, 23, 24 and furthermore the incidence of complications in MNS-guided ablation was much lower, compared with conventional manual ablation. 25, 26 There is significant decrease in the risk of cardiac perforation and cardiac tamponade in MNS-guided AF ablation due to its special soft catheter. This is achieved by stable catheter-to-tissue contact even on the setting of constant changes of patients' heart rate and breath. In contrast, it is difficult for the operators to precisely control the contact force to the catheter lesion during manual ablation. 27 Shurrab et al 28 compared the safety of MNS ablation catheter and SmartTouch ablation catheter (Biosense Webster Inc.). The study showed that the incidence of complications with MNS ablation catheter was only 0.03%, while it was as high as 2.3% to 4% with SmartTouch ablation catheter. In our study, no serious complications occurred both in patients with paroxysmal AF and patients with persistent AF.
| Risk factors of AF recurrence after ablation using MNS
AF recurrence rates after single catheter ablation may range from 30% to 50%, often requiring repeated ablation and leading to increased treatment costs. Therefore, the accurate prediction of negative events in patients undergoing AF ablation has important clinical significance. 29 There are few data on the recurrence risk factors of paroxysmal and persistent AF ablation using MNS. Sohns et al 30 reported that pulmonary vein anatomy assessed by multidetector CT is a good predictor of AF recurrence after PVA using MNS. To explore the risk factors of AF recurrence after ablation using MNS in patients with paroxysmal and persistent AF, univariate analysis and multivariate analysis were performed using Cox-regression test to identify the risk factors of AF recurrence after ablation. The results showed that the recurrence of paroxysmal AF following ablation using MNS was not correlated with sex, age, weight, AF duration, inner diameter of left atrium, heart function class, ejection fraction, and some common underlying diseases; therefore, the risk factors for the recurrence of paroxysmal AF still need to be further studied.
Nevertheless, we found that AF duration and coronary heart disease were two independent risk factors for the recurrence of persistent AF, which means atrial fibrosis due to long-term AF duration and myocardial ischemia may the key causes of higher recurrence in patients with persistent AF after ablation using MNS.
Recently, more attention has been paid on predictors of improvement in symptoms and health-related quality of life after AF ablation in addition to predictors of AF recurrence. 31 If predictors of AF recurrence are combined with predictors of improvement in symptoms and health-related quality of life, they may better evaluate the effects of AF ablation using MNS for paroxysmal AF and persistent AF, respectively.
| Study limitations
There are at least two limitations in this study. First, the study is a single-center study, and the patients enrolled in this study are most of those with almost normal heart function. Second, the number of enrolled cases is not large, especially for persistent AF, only 49 cases.
A multiple center study is needed to further explore efficacy, safety, and recurrence risk factors of catheter ablation using MNS for paroxysmal AF and persistent AF respectively in future.
| CONCLUSIONS
Ablation using MNS is effective and safe both in patients with paroxysmal and persistent AF. AF duration and coronary heart disease prior to ablation are two independent risk factors of AF recurrence in patients with persistent AF postoperatively. 
